Background: Cardiovascular disease (CVD) is the main cause of mortality throughout the world. With accumulating evidence suggesting that CVD has its origins in childhood, it is unsurprising that research into obesity prevalence within school aged youth is burgeoning. Within this study our primary objective will be to examine whether high intensity interval training (HIT) improves the CVD risk profile of secondary school aged adolescents. Our secondary objective will be to identify the prevalence of CVD risk factors and examine factors associated with these in adolescents aged 15 -18 years. Method/Design: A South Lanarkshire school of low socioeconomic status (SES) was selected to participate in the study intervention. Participants from secondary 5 (15 -17 years) and 6 (16 -18 years) will be recruited for this study. Participants from secondary 6 will be randomly assigned to Group A (HIT) or Group B (moderate-vigorous) and will perform each protocol three times weekly. The secondary 5 participants will act as the control group. Data collection will take place during the Physical Education (PE) lessons and on school premises and will include: anthropometrical variables (height, weight, waist and hip circumferences, skinfold thickness at two sites), physiological responses (blood pressure, aerobic fitness, heart rate (HR) response, vertical jump performance, 10-metre (m) sprint, 50-m sprint and 505-agility test), diet (self-reported seven-day food diary), physical activity (Physical Activity Questionnaire for Adolescents (PAQ-A)) and blood tests (fasting glucose, insulin, total cholesterol (TC), high-density lipoprotein (HDL), high-sensitivity C-reactive protein (hs-CRP), fibrinogen (Fg), interleukin-6 (IL-6), adiponectin (high molecular weight), triglyceride and plasminogen activator inhibitor-1 (PAI-1). An environmental audit of the secondary school and the health related quality of life (HRQOL) of the participants will also be measured. Finally, all exercise sessions will be video recorded and rate of perceived exertion (RPE) and mood states will also be taken after each exercise session. Discussion: Our study may be able to demonstrate a time efficient means of reducing CVD risk factors in adolescents.
Background
The pandemic rise in overweight and obesity is now very much a global concern. Within the United Kingdom (UK), recent investigations denote worrying figures. In England it is estimated that 25% of adults are obese with an additional 40% overweight whereas in Scotland estimates indicate that 66% of adult males and 60% of adult females are either overweight or obese [1, 2] . The findings concerning children and adolescents are equally troubling. Recent estimates from England purport that 14% of 2-15 year olds are obese while 18% are overweight [2] . Within Scotland estimates suggest that for 2-15 year olds, 35% of boys and 30% of girls are either overweight or obese [1] . Given the complexity of factors associated with both overweight and obese status within adults and children it is difficult to predict future trends. Recent findings seem to intimate that obesity levels in England's youth may be beginning to level off [3] .
Though this is encouraging, and as the authors [3] contend, it is too early to confirm whether this is an ongoing trend. Others meanwhile suggest that if current trends are to continue unabated in the UK, 60% of men and 50% of women by the year 2050 will be classified as obese [4] .
CVD is the main cause of mortality throughout the world with a reported 17.1 million deaths attributed to the disease in 2004, an astonishing 29% of global deaths in that year alone [5] . Though chronic disease may develop over an individual's lifetime, accumulating evidence suggest that CVD has its origins in childhood [6, 7] . Findings from the longitudinal Bogulasa Heart Study [8] in the United States (US) found that 60% of 10 year old children who were overweight had at least one biochemical or clinical CVD risk factor. A further 25% had three or more. Considering that childhood overweight is a risk factor for severe obesity throughout life and is associated with morbidity and mortality of several diseases [9] , it is unsurprising that research into obesity prevalence within youth is burgeoning. Particularly when recent reports estimate that 10% of all youth globally will become overweight [10] and that 80% of obese adolescents will become obese adults [11] .
Numerous risk factors have been linked to the development of CVD. These include poor dietary habits, physical inactivity, obesity and overweight, hypertension and abnormal lipid profiles [6, 7] . While these are well established, recent emergent biochemical risk factors have also been identified and include, most notably, elevated levels of hs-CRP, IL-6,; and reduced levels of adiponectin (high molecular weight) [12, 13] . However, a number of these risk factors are modifiable. Nevertheless, the relationship between physical fitness, PA, CVD risk factors, overweight and obesity is poorly understood in youth. Despite gathering evidence [14, 15] , there is still a need for further research that can strengthen this relationship, particularly as current PA recommendations for youth have been questioned [6] . This will not only help identify those in danger of future CVD but will also provide a means of assessing the effectiveness of future interventions.
Physical activity and obesity prevention
Understanding the underlying factors and mechanisms whereby individuals become overweight or obese is challenging. There are a wide range of behavioural, genetic, cultural, environmental and biological variables that act both independently and amongst one another which contribute to the development of overweight and obesity in youth [16] . Nonetheless, it is generally accepted that two modifiable behavioural factors have contributed significantly to the aetiology of this current pandemic: dietary habits and PA [17, 18] . While we fully acknowledge the key role of dietary intake in the aetiology of overweight and obesity, this study will primarily focus on modifying PA behaviour.
Despite the well established benefits of regular PA on health and well-being, current levels of PA in youth are widely regarded as insufficient to meet current recommendations [19] . Recent findings from the US purport that only 8% of adolescents (12 -19 years of age) are sufficiently active to meet these recommendations [20] . In Europe, only one third of adolescents (11 -15 years of age) meet the UK guidelines of 1 hour of moderate to vigorous intensity physical activity (MVPA) most days [21] . Though these findings are perturbing, caution in its interpretation is warranted.
For instance, PA in youth can occur in a variety of situations and contexts -through active commuting, recreation, school and in the household [22] . Given that the above author [22] has questioned the reliability, objectivity and validity of many of the methods used in assessing PA behaviour, current summations are inherently imprecise. Though evidence is gathering through advancements in technology and the use of more objective measures [23, 24] , much needed research is warranted. Until then, the extent of which youth of different age, gender and cultural climates are meeting current PA recommendations will remain unclear.
Combating overweight and obesity in school age youth
It is now well established that PA behaviours are influenced by a range of various influences and as such, a multilevel approach targeting these influences are warranted [25] . This switch in focus however is relatively recent and at present, much is still to be learned of the multiple influences on PA behaviour. It has been suggested that in the past, researchers were too reliant on the dominant models and theories of behaviour which emphasized the importance of psychological and social influences [26] . While both of these influences are important, the field of PA research has now advanced by recognizing the importance of factors at multiple levels. This it seems has stemmed from the success of smoking cessation rates in the US from 1965 -2005. This success has been attributed to a number of multilevel population based health behaviour interventions, all of which have been informed by the principles afforded by ecological models [27] .
Ecological models profess that individual, interpersonal, organizational, societal and community factors should be considered when planning and implementing health promotion interventions [28] . It is unsurprising that traditional PA interventions rooted in a cognitiverational paradigm which focus on changing behaviour at an individual level have demonstrated limited long-term success [29] . Though these interventions often alter behaviour initially, it is suggested that enduring social and environmental factors are more likely to sustain healthy PA behaviours [30] . Thus, interventions that can be directed at the whole community and encompass as large a percentage of the population must be the setting where future multilevel interventions are implemented. Schools afford the ideal setting to practice health-promoting behaviours, and are a critical part of the social environment that shape future behaviours [31] . With this in mind, the potential therefore of PE within schools to affect youth activity levels should not be dismissed.
Physical activity and cardiovascular disease: the role of physical education PE is available to most individuals and can provide a safe, structured context for regular PA. Despite this, evidence suggest that children and adolescents spend less that 50% of PE time in moderate intensity activity thus failing to procure any health related benefits [32] . While some have questioned the influence PE can have on overall activity levels [33] , some suggest that activity levels would be even lower were youth not exposed to any [34] . What is becoming more evident nonetheless is that the intensity of PE classes are inappropriate to induce health related benefits [32] . The reasons for this are complex [33] but if PE is to be the only exposure to PA for some individuals, this environment has to enhance the health and well-being of those exposed to it. The challenge for practitioners therefore is to ensure that the stimulus provided is appropriate to induce health and well-being in all exposed individuals. Unfortunately, measuring the influence of PE on health and well-being is challenging.
The comparison of PA levels across the PE curriculum is nigh impossible due to confounding variables such as lesson delivery, teaching personnel, environment, equipment, motivation, skill ability, class size and time restrictions [35] . This is in addition to the difficulties associated with accurately measuring the intensity of activity. Recent advancements in technology has seen accelerometers being touted as an objective measure of exercise intensity by some authors [19, 36] . However, accelerometers are unable to delineate between different behaviours such as walking or running. Understandably the relationship between school PE and health has been impossible to quantify. With the role of PE continually being marginalized within the educational curriculum, its justification as a contributor to health and fitness in youth is debatable.
Regrettably, the duration, type, and intensity of activity necessary to illicit cardiovascular and psychological health benefits in youth remains equivocal. There is insufficient clinical evidence to confirm that the recommendations proposed for children and adolescents (one hour per day of moderate activity) [37] has any short or long-term health benefits [38] . It is widely accepted that regular PA of this nature is necessary to accrue health benefits and prevent future CVD; nevertheless, the majority of youth fail to meet these current guidelines. Given that lack of time is commonly cited as a key determinant of being physically active regardless of age, gender or ethnicity [39] suggests that current recommendations may be inappropriate for youth.
To our knowledge there has been no empirical study that has directly compared how training strategies might affect the health status in youth. Accordingly, additional research seems warranted to determine whether there is a more time-efficient method of improving the health and fitness of youth. Recent findings suggest that brief intense, interval-based exercise interventions may stimulate cardiovascular adaptations and provide protection against future and current CVD [40] [41] [42] [43] [44] [45] . Therefore, we propose a time efficient training regime which can be performed concurrently with the national curriculum and that will afford the measurement of health related outcomes. In particular, this study will aim to identify a time-efficient PA strategy for improving the health profile, CVD pre-cursers, overweight and obesity levels of youth in the UK.
We fully acknowledge that for this intervention to be successful, appreciation of the multiple influences upon behaviour is required. Indeed, a multilevel approach is needed for implementing population based health behaviour interventions that can enhance the health and well-being of individuals [25] . Thus, this pilot intervention will be influenced by the key principles afforded by ecological models. The findings of this study will be used to guide and enhance the effectiveness of future interventions at multiple levels within a school environment.
Method/Design
Objectives This study will aim to implement a 7 week school based HIT intervention that will seek to enhance our understanding of the relationship between exercise intensity and health status in youth.
Primary objectives
1. To reduce measures of obesity including body mass index (BMI), total skinfold thickness and waist and hip circumferences. 2. To reduce systolic and diastolic blood pressure. 3. To improve aerobic profiles and increase PA levels. 4. To improve blood lipid profiles and lower levels of plasma inflammatory markers.
5.
To assess the impact of the HIT intervention on physiological responses. 6. To assess the role of a secondary high school as a setting for promoting healthy eating and PA behaviours. 7. To improve understanding of the multiple levels of influence on behaviour.
Secondary objectives
1. To determine the associations between CVD risk factors at baseline in 15 -18 year old youth. Investigate the relationship between specific measures within, and between participants.
Participants
A South Lanarkshire school of low socio-economic status (SES) was selected to participate in the study. Free school meal eligibility was used to determine SES. This method has previously been validated as an accurate and valid measure of SES in children [46] and as such, allowed the researcher to objectively distinguish between low and high SES groups. Following initial discussions with the school principal and relevant teaching staff, written consent from the principal will be attained. Upon receipt, members of the research team will visit the intended participants from secondary 5 (15 -17 years) and secondary 6 (16 -18 years) to discuss the project. Thereafter, information sheets, participant assent forms and parental/guardian consent forms will be distributed. Only the participants who returned both the assent and consent forms will be eligible to participate in the study. Ethics approval was granted by the University of the West of Scotland Ethics committee.
Data Analysis
A pre-and post-intervention design will be used to compare differences in measured outcomes between participants assigned to the control group and the intervention groups. Initially, baseline data will be used to perform Pearson's product moment correlation coefficients, followed by multiple regression analysis to estimate the significance of selected predictors on CVD risk factors. Statistical significance will be set at P = 0.05.
Intervention
Participants involved in the intervention will be assigned to groups A or B by a third party using computer generated sequences of random numbers. The research team and the participants will be blinded to the randomization process, and assignment to groups will only be disclosed after baseline testing. All participants will be instructed not to change their dietary or lifestyle habits other than prescribed. The secondary 5 participants will act as the control group and will be assigned to group C (n = 24). Participants will be encouraged to continue their regular PA patterns.
Group A (n = 24) will be instructed to complete a 30 seconds (s) maximal effort sprint within a 20 m distance separated by cones (see Figure 1) . The start point will be located at the mid-point of the markers. Participants will be instructed to sprint from the midpoint to the first marker, turn, and then sprint 20 m in the opposite direction to the second marker. Thereafter, participants will turn and run again through the midpoint covering a total distance of 40 m. Though this protocol has been used and validated as a measure of anaerobic performance [47] , in this study, participants will be instructed to sprint maximally for a period of 30 seconds. Following 30 s rest, the participants will be instructed to repeat this procedure a further 3 times. This equates to 2 minutes (mins) of maximal effort sprinting interspersed with 2 mins recovery. Participants will be requested to perform this protocol 3 times weekly. Training progression will be implemented by increasing the number of repeats from four repetitions during weeks 1 and 2, to five repetitions during weeks 3 and 4, to six repetitions during weeks 5 and 6. Finally, during week 7 participants will still perform six repetitions but interspersed by only 20 s recovery. Prior to the commencement of the training regime, participants will be given a familiarization trial of four low intensity runs under test procedures.
Group B (n = 24) will be instructed to exercise at an intensity of 70% VO 2 max (moderate) [48] , running steadily for a period of 20 mins. The speed of exercise will be determined by the participant's performance in the 20-m shuttle test (MSFT) [49] . During week 4 all participants will be instructed to perform the 20MST to determine any training effect. Upon analysing the participant's performance in week 4, week's 5 -7 will see the participants instructed to exercise at an intensity that elicits 70% of predicted VO 2 max, running steadily for 20 mins. Finally, RPE using the 15 point scale [50] and mood state will be measured upon the completion of each exercise session.
The intervention will be carried out during the lunch hour or PE lessons, on Monday, Wednesday and Friday, and for a period of 7 weeks. The intervention will be performed in the school sports hall during October through December, 2009, to allow for uninterrupted use of the facilities. Each training day will be supervised by two members of the PE department and at least one researcher. This will ensure that participants continue exercising at the pre-determined intensity. Participants will be instructed to wear appropriate footwear whilst taking part in the intervention. Attendance will be monitored by the researcher on all days when the intervention is scheduled to take place.
Measurements
All measurements will be performed pre-and postintervention for both intervention and control groups. In addition, the vertical jump, 10 m sprint, 20MSFT and the 505-agility test will also be taken at the end of week 4 in the intervention group. All measurements will be carried out by experienced individuals during normal PE lessons and on school premises to ensure minimal disruption to the curriculum. Finally, all individuals involved in performing measurements will be CRB checked prior to the commencement of the study.
Anthropometrics
Stature will be measured without shoes to the nearest millimetre with the use of a transportable stadiometer (Seca Stadiometer, Seca Ltd, Birmingham, UK). Body mass will be measured in normal PE clothing to the nearest 0.1 kg using a calibrated electronic weighing scales (Seca 880, Digital Scales, Seca Ltd, Birmingham, UK). Body mass index (BMI) will then be calculated by dividing the participants weight by their height squared. Waist and hip circumference will be measured on each participant in an upright position by using anthropometric tape (Rosscraft, UK). Waist circumference will be taken from the narrowest part of the trunk at the end of a gentle expiration. Hip circumference will be taken around the maximum protrusion of the buttocks. Body fat percentage will be estimated from skinfold measurements taken at two sites (triceps and calf) in accordance with standard procedures [51] . A third skinfold measurement will be taken if the first two measurements differ by more than 1.0 mm.
Physiological measurements
Systolic and diastolic blood pressure (BP) measurements will be taken using an automated BP monitor (Omron Healthcare UK Ltd, Milton Keynes, UK) after each participant has sat quietly for a period of 10 mins. The cuff will be placed tightly on the upper left arm of the participant with three measurements taken to ensure accuracy. An average of the second and third measures will then be recorded and used for the data analysis [52] .
Physical fitness is well established as a marker of health status in youth [6] . Thus, the health related physical fitness components of muscular strength, speed, agility and cardiorespiratory fitness will be measured prior, during and after the intervention.
Heart rate (HR) response will be measured on all participants at the end of each training week through the use of continuous heart rate telemetry (Hosand, TM200, Hosand Technology, Verbania, Italy). The rationale for this will be two fold. Firstly, from this recording the average intensity of each training session will be estimated as a function of a percentage of the theoretical HR peak, in accordance with standard procedures [53] . Secondly, during each weekly session a projector will beam the HR responses onto a wall in the sports hall. Thus all participants will be able to monitor their own HR response during, and after, the exercise session. Upon completion of the exercise session participants will be provided with personalized feedback and will be encouraged to ask questions. Based on previous literature [54, 55] , it is expected that this personalized feedback will encourage engagement and adherence with the intervention and aims of the study.
Aerobic fitness will be measured through the use of the 20MSFT [49] . The 20MSFT has been validated as a predictor of maximal aerobic power in young people [56] and is familiar with all youth. Participants will be instructed to run between two lines separated by 20 m, while keeping pace with the audio signals emitted from a CD produced by the National Coaching Foundation. The initial speed will be set at 8.5 km/hr which will increase by 0.5 km/hr each minute (1 minute equates to 1 level). All participants will be instructed to continue for as long as possible until they have reached their maximal effort. Otherwise, the test will end when the participant fails to reach the end lines before the audio signal on two consecutive occasions. The CD will be calibrated over a 1 minute duration before its use. Finally, participants will be instructed to complete a standardized warm up and cool down comprising of light jogging and stretching before and after the test and each training session.
The counter movement jump test will be used to measure explosive muscular power. Jumping height will be measured through the use of the Optojump system (Microgate, Bolzano, Italy) after a standardized warm up. Participants will begin in a standing position with their feet shoulder width apart. Thereafter, they will be instructed to perform a counter -movement with their legs prior to jumping. Each participant will be instructed to perform three jumps with a minimum of two mins recovery between each effort. The best of the three jumps (to the nearest cm) will be used as the criterion measure. Participants will be instructed to keep their hands on their hips throughout all jumps, to give maximal effort and land in an extended position. Muscular strength will be measured by the number of completed push ups in 30 s [57] . Sprint speed will be measured over 10 m and 50 m through the use of an electronic sprint timer with photoelectric sensors (Polifemo Radio Light -Microgate, Italy). The 10 m sprint will take place in the school sports hall with the photoelectric sensors being placed at 0 and 10 m intervals. Participants will be instructed to perform each sprint from a standing start. All participants will complete three trials with the fastest time (to the nearest 0.01 s) being used as the criterion measure.
Due to area restrictions, the 50 m sprint will take place outdoors on an artificial turf soccer field with the photoelectric sensors being placed at 0 and 50 m intervals. Participants will be instructed to perform each sprint from a standing start. All participants will complete three trials with the fastest time (to the nearest 0.01 s) being used as the criterion measure.
Agility will be measured through the use of the 505 test [58] . Two photoelectric sensors (Polifemo Radio Light -Microgate, Italy) will be placed 5 m from the starting line and 5 m from a designated turning point. Participants will be instructed to sprint maximally to the designated turning point, pivot, and then return as quickly as possible through the photoelectric sensors in accordance with standard procedures [58] . Participants will be instructed to perform three sprints with a minimum of 2 mins recovery between each effort. Times will be measured to the nearest 0.01 s with the fastest value obtained from the three efforts used as the criterion measure.
Blood sampling and analysis
Blood samples will be collected between 9:00 am and 11:00 am after an overnight fast. Prior to sampling participants will be instructed to sit quietly for a period of at least 30 mins to control for plasma volume shifts [59] . A team of qualified phlebotomists, experienced in paediatric sampling techniques will take blood samples from the participants. Participants will be provided with breakfast in the school canteen once sampling is complete. The samples will be analyzed for total cholesterol (TC), insulin, high-density lipoprotein (HDL), high-sensitivity C-reactive protein (hs-CRP), glucose, fibrinogen (Fg), interleukin-6 (IL-6), adiponectin (high molecular weight), triglyceride and plasminogen activator inhibitor-1 (PAI-1). Within four hours all blood samples are to be transported to the laboratory where they will be aliquoted and frozen at -80°C.
Questionnaires
All participants will be instructed to complete the physical activity questionnaire for adolescents (PAQ-A). This validated questionnaire has been used in previous research [60] with participants instructed to recall their PA behavior from the previous 7 days. From previous experience we envisage that completion of the questionnaire will take no longer than 30 minutes and thus can be completed during scheduled class time. Sexual maturation status will be determined through the use of a self-reported questionnaire [61] . Participants will be asked to indicate their current stage of development regarding their pubic hair and genital development. Health related quality of life (HRQOL) will be measured through the use of the paediatric quality of life inventory (PedsQL™) for both the participant and their parent/ guardian [62] . The PedsQL™ has been shown to be a valid and reliable instrument specifically developed for use with children and adolescents [63] . The brief one page instrument has 23 questions and covers four dimensions: physical functioning, emotional functioning, social functioning and school functioning.
Dietary intake
Daily food intake will be monitored through the use of a validated, self-reported food diary [64] and a food frequency questionnaire. Completion of the food diary will require participants to record everything they eat and drink over a specified seven-day period. In order to clarify the foods and drinks that are consumed, the food frequency questionnaire will include 12 semi-quantitative items. Participants will be asked to complete the questionnaire and food diary in their own home after a 45 minute oral training session to help describe intake and estimate portion size. The collated data will be analyzed using nutritional analysis software by Health Options Ltd (Nutri Check, Health Options Ltd, Cirencester, Gloucester, UK). Values for the nutrient amounts in foods will be obtained from McCance and Widdowson's the Composition of Foods [64] . Participants will be encouraged to continue their normal eating and drinking habits throughout the intervention.
Environmental audit
The Secondary School Environmental Audit tool [65] will be used to assess the school as a setting for promoting healthy eating and PA. This will include assessment of the physical (what is available), economic (what are the financial factors), policy (what are the rules) and socio-cultural (what are the attitudes, beliefs and perceptions) environments in relation to nutrition, PA and the promotion of healthy body size. The self completing audit tool comes in three parts with the relevant part being sent to the deputy principal, canteen manager and three teachers as recommended [65] . Preventing overweight and obesity requires understanding and changing of the obesogenic (obesity promoting) environment in which individuals frequent. Thus, this audit will be able to identify environmental factors that promote unhealthy weight gain and help inform future interventions.
Observational analysis
Observational data will be gathered by video recording all sessions. Direct behavioural observation can provide contextually rich data and is cited as the criterion measure of paediatric PA behaviour [66] . By doing so we will be able to see not only quantitative measurements such as distance covered and the variability of pace within and between the 30 s maximal effort sprints, but also how the exercise protocols affect participants through different communication, responses, behaviours and actions. In addition, critical moments such as 'drop out' could be assessed and evaluated. Finally, with the synchronisation of video with HR, effects of various constraints such as feedback, peer, teacher and researcher influence could be evaluated within, between and across sessions.
Feedback to participants
This feedback will include the results of all pre and post measurements; how individual results compare to the desirable level for this age group; and guidance on how unfavourable measures might be improved through lifestyle changes. Feedback will also be given to relevant teaching staff, on group, but not individual, findings. This will provide the school with invaluable information on the general health and well-being of their pupils which can help inform future interventions.
Sample size
In order to determine sensitivity to change, sample size will be estimated using the procedures of Park and Schutz [67] for ANOVA designs that incorporate a repeated factor. For a medium effect size in the intervention groups of d = 0.50, power of .80 (suggesting an 80% probability of achieving significance at the p = .05 level) this is achieved with a group size of 17 participants. Effect sizes > 0.5 indicate clinically relevant changes [68] . Assuming a drop-out rate of 30%, this would require an initial recruitment of 24 participants per group. The intervention will be carried out during the lunch hour or PE lessons, on Monday, Wednesday and Friday, and for a period of 8 weeks. The interventions will be performed in the school sports hall; led initially by the research team and then by the PE teacher; and during January through May, 2009, to allow for uninterrupted use of the facilities.
Discussion
It is well established that regular PA has beneficial effects on the health and well-being of youth [37] . Nevertheless, current levels of PA are widely regarded as insufficient to meet current guidelines [19] , with lack of time often cited as a contributing factor [43] . Health promotion interventions that aim to modify environmental factors that influence behaviour have now become an integral focus of emerging research being undertaken in the school environment. We fully embrace the concepts afforded through ecological models and have thus developed a comprehensive intervention approach that will target several influences of behaviour. Thus, in this study we aim to provide a comprehensive school based intervention strategy that will aim to determine whether HIT can elicit CVD protection in adolescents.
